We describe a new method of estimating the selfing rate (S) in a mixed mating population based on a population structure approach that accounts for possible intergenerational correlation in selfing rate, giving rise to an estimate of the upper limit for heritability of selfing rate (h 2 ). A correlation between generations in selfing rate is shown to affect one-and two-locus probabilities of identity by descent. Conventional estimates of selfing rate based on a population structure approach are positively biased by intergenerational correlation in selfing. Multilocus genotypes of individuals are used to give maximumlikelihood estimates of S and h 2 in the presence of scoring artifacts. Our multilocus estimation of selfing rate and its heritability (MESH) method was tested with simulated data for a range of conditions. Selfing rate estimates from MESH have low bias and root mean squared error, whereas estimates of the heritability of selfing rate have more uncertainty. Increasing the number of individuals in a sample helps to reduce bias and root mean squared error more than increasing the number of loci of sampled individuals. Improved estimates of selfing rate, as well as estimates of its heritability, can be obtained with this method, although a large number of loci and individuals are needed to achieve best results. Heredity (2012) 109, 173-179; doi:10.1038/hdy.2012.27; published online 23 May 2012
INTRODUCTION
Hermaphroditic organisms can reproduce by means of three strategies: outcrossing, bi-parental inbreeding and selfing. Outcrossing involves cross-fertilization with a randomly selected mate and is achieved by either the export or import of gametes. Bi-parental inbreeding is a form of nonrandom mating with a closely related relative, whereas selfing is an extreme form of inbreeding, which results in genes of each offspring coming from a single parent. The occurrence of one of these strategies in the mating system of a population does not necessarily exclude other strategies from occurring concurrently; however, the dominance of a single strategy in a population can imply that specific factors exist to promote or inhibit other strategies. For example, limited pollinators, repeated bottleneck or colonization events by few individuals, and selection for locally adaptive traits promote selfing, whereas selfing is inhibited by selfincompatibility, dichogamy, heterostyly and temporal and spatial environmental variation Barrett, 2002; Goodwillie et al., 2005; Avise, 2011) . These reproductive strategies are influenced by many ecological and evolutionary factors, which determine the success and proportions of selfed, outcrossed and inbred offspring in a population.
Mating systems exist upon a continuum of selfing rates limited by the two extremes of complete selfing and complete outcrossing Goodwillie et al., 2005) . There are populations that mostly outcross with low selfing rates in the 0-0.2 range, and there are populations that predominantly self with rates from 0.8 to 1. Customarily, populations with selfing rates between 0.2 and 0.8 are defined as intermediate selfing populations. Although hermaphroditic plants (especially flowering plants) are the most commonly studied organisms for mating systems, the selfing rates of hermaphroditic animals, such as mollusks and trematodes, sometimes show characteristics of mixed mating (Jarne and Auld, 2006; Escobar et al., 2011) . However, it is also realized that selfing rate estimates can be adversely affected by scoring artifacts if not accounted for (David et al., 2007; Escobar et al., 2011) . The occurrence of these selfing rates in nature has provoked much theoretical research into evolutionary dynamics of selfing (Barrett, 2002; Goodwillie et al., 2005; Charlesworth and Willis, 2009; Avise 2011) .
There are two standard methods used to estimate the selfing rate of a population; these are known as the progeny array (Ritland and Jain, 1981) and the population structure approaches (Fyfe and Bailey, 1951 ; see also Jarne and David, 2008) . The progeny array approach estimates selfing rate from comparing mother and offspring genotypes at multiple loci (Ritland and Jain, 1981; Jarne and David, 2008) . Although the population structure approach is traditionally based on the relationship between the selfing rate and the inbreeding coefficient of a population at equilibrium, it has recently been improved to incorporate data from multiple loci and account for genotyping errors (David et al., 2007; Jarne and David, 2008) .
Here, we propose a new method of estimating selfing rate from multilocus genotypes as well as providing an estimate of the upper limit for the heritability of selfing rate. The novelty of this approach stems from estimating the correlation in selfing rate across generations. An intergenerational correlation in selfing rate arises from a higher propensity to self by individuals in selfing lineages, which could occur as a result of shared genetic or environmental factors between parent and offspring. In either case, the propensity to self is inherited. We can use regression in offspring selfing rate on parent selfing rate as another way of quantifying the intergenerational correlation in selfing rate. An estimate of the slope of the regression in selfing rates is, by definition, related to a measure of heritability of selfing rate. However, unlike a strict estimate of narrow-sense heritability, the heritability we have defined here may include correlations between parents and offspring caused by shared environmental factors that happen to exist in nature (in addition to genetic factors). Therefore, an estimate of heritability produced in this manner will likely be an estimate of its upper limit.
The method of estimating selfing rate and its heritability uses probabilities of identity from multiple loci simultaneously. Accounting for the correlation between generations in selfing rate helps reduce the bias of selfing rate estimates based on the population structure method. If there is a correlation in selfing rate between generations, then some lineages within a population will have high homozygosity at multiple loci and other lineages will have levels of heterozygosity at all loci as expected from random mating. The correlation in selfing rate between generations affects the probability that multiple loci in an individual are identical by descent. Thus, if there is heritability in the propensity to self, then measures of the pattern of homozygosity at multiple loci allow for the potential to estimate heritability of selfing rate. In the extreme case, a population consisting of a mixture of purely selfing and purely outcrossing lineages (and therefore a high heritability of selfing) would have an equilibrium probability of identity by descent equal to the population's selfing rate (S), not S/(2 ÀS) as predicted by the classical result for a single-locus inbreeding coefficient. We derive a novel methodology based on likelihood to perform this estimation.
MATERIALS AND METHODS

Selfing and the probability of identity by descent
We will first define some terms that will be used to derive an estimate of the heritability of selfing rate while revealing that the probability of identity of alleles chosen from the same individual is affected by the correlation between generations in selfing rate. The inbreeding coefficient, F, is the probability that two alleles in a diploid individual are identical by descent. We will also use another term to describe the probability that two alleles at one locus within a diploid individual are identical by descent while at the same time two alleles at another locus are also identical by descent. This is a so-called two-locus descent measure and will be referred to here as c (Cockerham and Weir, 1973) .
The probability that the parent of an individual who selfs also selfed will be designated as r, while the selfing rate, S, is the proportion of individuals who have only a single parent. S and r can predict the distribution of selfing history in lineages. The complement of r is the event that an individual who selfs has parents that outcrossed. The parameter, r, is assumed to be independent from generation to generation such that the probability of a particular number of generations of selfing (x) in a lineage since the last ancestor that outcrossed is j(x,S,r) ¼ S(1 Àr)r x À1 (for xX1). We will use the notation j(x,S,r) to represent the probability that there have been exactly x ancestral selfing generations in a lineage since the last ancestor that outcrossed. For 0 generations of selfing (x ¼ 0), j(x,S,r) ¼ (1 ÀS). Furthermore, the one-and two-locus probabilities of identity by descent for a lineage with x generations of selfing history are:
and
where c(0) ¼ 0. Using Equations 1 and 2, with some algebra we find:
To determine the equilibrium values of the descent measures we must account for all possible selfing lineages within a mixed mating population and average their effects over the probability that an individual with x generations of selfing history is identical by descent at one or two loci. A generation of outcrossing immediately returns F in the lineage to 0. Thus, the single-locus probability of identity by descent at equilibrium is the weighted average:
In reality, given that a large number of generations of descendants self, the probability that the ancestor also selfed is somewhat greater than in a more recent ancestor with fewer subsequent generations of selfing. This is because with non-genetic reasons for selfing mixed with genetic, the greater the number of descendant generations of selfers the more likely it is that the lineage continues to self for genetic reasons. However, Equation 4 is a reasonable approximation of the probability of a history of selfing, particularly when r is not very close to 1 (so that the sum is dominated by the effects of recent generations). Note also that it is impossible, by Equation 4, to differentiate between correlation in selfing over generations (as assumed in Equation 4) and a change in selfing rate before the last generation. In either case, the ancestral selfing rates would be higher for selfing lineages, and in either case there is no signal of past selfing in outcrossed individuals. The equations we present here for estimating heritability therefore require the assumption that selfing rate is not changing rapidly over time, an assumption shared by all methods that estimate selfing rates through inbreeding coefficients.
Equation 4 reduces (by way of the binomial series) to
Similarly, the equilibrium two-locus probability of identity by descent is:
Equations 5 and 6 explicitly show that one-and two-locus measures of identity by descent are affected by the correlation between generations in selfing rate (r). For instance, if a population consisted of a mixture of lineages that always selfed and lineages that always outcrossed (r ¼ 1), F would equal c and S would equal F. Similarly, for a population with an intermediate r, F and c would still be affected by the correlation between generations in selfing rate rather than being solely governed by S.
We can now derive an estimate of the heritability of selfing rate (h 2 ) as a function of S and r. The heritability of selfing rate is by definition the covariance of parental selfing rate and offspring selfing rate divided by the variance of selfing rate among parents. As such, this heritability includes the effect of additive genetic variance, but it also includes correlations between parents and offspring caused by common environmental effects shared by parent and offspring. The covariance of the parent and offspring generations in their propensity to self is:
where E(S P ) and E(S O ) are both equal to S, the average selfing rate, according to the assumption that S is constant. Therefore, the equation simplifies to
Under a Bernoulli model of selfing, where 1 indicates the event in which parents and offspring self and 0 otherwise, E(S P S O ) is equal to rS, which means that COV(S P ,S O ) ¼ S(r ÀS). By a similar method, the variance of selfing rate among parents is found to be S(1-S). Therefore, heritability of selfing rate is
From Equation 7 it is clear that when r ¼ S, or in other words when the tendency of offspring to self is not correlated with whether their parents selfed, the heritability of selfing rate is zero. On the other hand, when selfing offspring always have selfing parents (r ¼ 1), the heritability of selfing rate is 1. It is important to remember that this 'heritability' reflects all sources of correlation between parent and offspring, including the possibility of shared environmental effects. If the environmental correlation between parents and offspring is considered likely to be zero or positive, then h 2 as measured here will represent an upper bound to the narrow-sense heritability.
Equation 5 shows that the one-and two-locus probability of identity by descent measures are affected by the heritability of selfing. Therefore, the correlation in homozygosity across all loci of an individual needs to be taken into account to achieve an unbiased estimate of selfing rate based on descent measures. We can quantify the bias of estimates of selfing rate that are based on the traditional population structure approach. Equation 1 reduces to the familiar F ¼ S/(2 ÀS) when the selfing rate of parents has no effect on the selfing rate of offspring (r ¼ S). The derivation of this classic result assumes that each individual is equally likely to self, regardless of its ancestry. However, if raS then the population structure estimate of selfing rate is biased and overestimates the real selfing rate of populations by as much as a factor of two when S is small. This is shown by the plot of relative bias in Figure 1 , which plots the relative difference between the population structure estimate of selfing rate,Ŝ ¼ 2F/ð1 þ FÞ and its true value S, as a function of h 2 . The mathematical expression for Figure 1 uses Equation 5 with r substituted out by the relation from Equation 7 to yield (h 2 Àh 2 S)/(2 þ h 2 S Àh 2 ). Figure 1 shows that estimates of selfing rate from populations with high heritability and/or low to intermediate selfing rates are likely to overestimate, sometimes substantially, the real selfing rate of the population.
Likelihood model
To be able to estimate selfing rate more accurately and to find estimates of the heritability of selfing rate from empirical data, information from all loci should be used together. Therefore, we propose a likelihood model that is based on the probability of an individual having a particular multilocus genotype. To find the log-likelihood of each individual's genotype, we make two simplifying assumptions: that there is no mutation and that segregation happens independently at each locus. (As a result of the latter assumption, the method should be applied to loci that show no evidence of linkage.) That is to say, given a pattern of selfing and outcrossing within the specific line of ancestry that leads to a particular individual, we will use that history of selfing to calculate the probability of identity of the alleles at each locus independently. We use h 2 substituted for r in j(x,S,r) (according to Equation 7) so that j(x,S,h 2 ) describes the distribution of ancestral selfing generations (x) in a lineage since the last ancestor that outcrossed. Equation 1 gives the inbreeding coefficient F(x) for a given x. The probability of an individual having a particular genotype is the product across all loci of the probability of that individual's genotype per locus for a given x, times the probability of that x, added over all x.
where p li is the allele frequency of allele i at locus l.
Equation 8 gives the likelihood of the whole genotype for individual j, given the parameters {S, h 2 }. We now wish to incorporate a measure of scoring error identical to the misscoring by David et al. (2007) . We use the error term E l to denote the probability that a heterozygote is erroneously scored as a homozygote at locus l. Thus, the likelihood of the whole apparent genotype of individual j given the parameters {S, h 2 , E} with the vector E ¼ (E 1 , E 2 , y, E l ) of error terms is:
We will also consider a likelihood model when the rate of scoring error is constant but unknown (E l ¼ E) for all loci:
Taking the log of the likelihood equation and summing over all individuals in a sample gives the log-likelihood for the parameter set. If the result is multiplied by minus one, we get the negative log-likelihood:
The full set of parameters in the log-likelihood function would technically include estimates of allele frequencies as nuisance parameters. Furthermore, we only consider a single kind of scoring error that is when heterozygotes are erroneously scored as homozygotes at a locus. It is not our intent to evaluate scoring artifacts so much as we include a measure of scoring error as a means to robustly estimate S and h 2 .
To calculate maximum-likelihood estimates for selfing rate and heritability of selfing rate, we created a tailored maximum-likelihood estimation function that uses the nlminb optimizer in the R computing environment (R Development Core Team, 2010). The summation in Equations 9 and 10 are evaluated for x ¼ 0 to x ¼ 1000 ancestral selfing generations because it was found that higher values of x were needed for accuracy in simulated populations with high S and h 2 . We also implemented the likelihood function (with an nlminb optimizer) using mle2 (Bolker and R Development Core Team, 2011) , which provides added functionality allowing the user to calculate confidence intervals for estimates. R code for both procedures is available in the Supplementary information. The results presented in the paper used the Figure 1 The relative bias of the population structure estimate of selfing rate ðŜ ¼ 2F/ ð1 þ F ÞÞ as a function of the population's true selfing rate S and its heritability h 2 , yielding the expression (h 2 Àh 2 S)/(2 þ h 2 S Àh 2 ).
Estimating the heritability of selfing NS McClure and MC Whitlock first procedure. In addition, all MESH methods provided in the Supplementary information are for bi-allelic data.
To show how estimates from MESH is compared with other methods of estimating selfing rate in the presence of scoring artifacts, we also estimated selfing rate using a maximum-likelihood estimation method based on the likelihood equation published in David et al. (2007) . Although this method also makes use of multilocus correlations in homozygosity resulting from multiple generations of selfing, it does not account for an intergenerational correlation in selfing rate that increases the probability of multihomozygous genotypes. We used the approximation for homozygous loci with more than 20 generations of selfing as suggested by David et al. (2007) .
Simulation methods
In order to test the performance of the likelihood method, we simulated populations with various selfing rates and heritabilities. Simulations were done in the statistical package R (R Development Core Team, 2010) . The data analyzed here are specific to a bi-allelic scenario; however, the general principles used in MESH should extend to multiallelic data sets. All simulated conditions were done using specified values of S and r, 10 or 100 loci, 500 generations, an initial allele frequency of 0.5 and a population size of 1000. We analyzed the population data in the 500th generation, well after the parameters equilibrated at a maximum of approximately 50 generations. The 0th (parental) generation used a uniform distribution random number generator and the starting allele frequencies to create the genotype of each individual. All individuals of the starting generation were produced by outcrossing. To simulate a reproductive episode, an individual is randomly chosen from the population (parental generation) and its selfing history is used to determine the probability that the individual reproduces by outcrossing or reproduces by selfing. For a specified parameter set {S, r}, the probability that a parent reproduces by selfing is equal to r if the parent was itself produced by selfing (that is, grandparent selfed). Alternatively, if the grandparent outcrossed, then the probability that the parent selfs is equal to S(1 Àr)/(1 ÀS), which maintains the population selfing rate at S. The complete transition probability matrix is therefore:
Parent selfs
Parent outcrosses Grandparent selfed r 1 À r Grandparent outcrossed Sð1 À rÞ/ð1 À SÞ ðSðr À 2Þ þ 1Þ/ð1 À SÞ
:
If an individual reproduces by outcrossing, then a pollen parent (male gamete donor) is chosen from the population at random. Each reproductive episode is an independent event, and new individuals are created in this way until the population size of the offspring generation equals the population size of the parental generation.
Scoring artifacts were also simulated to provide imperfect population genetic data. The rate of scoring error was set for each locus (E l ) and heterozygous genotypes were randomly scored incorrectly as homozygous by changing the first allele of the locus to the other allele type. All simulations used an E ¼ (0, 0.01, 0.05, 0.1, 0.01, 0.05, 0.1, 0, 0.1, 0.05) vector of scoring error for every 10 loci, such that the average scoring error was 4.7%.
RESULTS
We use the multilocus estimation of selfing rate and its heritability (MESH) method given by Equation 10 to evaluate estimates of selfing rate and heritability of selfing rate from simulated data in the presence of scoring error. The results from Tables 1-3 show that this method can improve estimates of selfing rate while also providing an estimate of heritability of selfing rate. We will highlight some of the important differences between estimates of S and h 2 as well as the effect of increasing the number of individuals and the number of loci of sampled individuals in a data set. We will also compare estimates of S to estimates from a maximum-likelihood estimation method based on the likelihood equation from David et al. (2007) . Lastly, we will evaluate estimates of S and h 2 from the fully parameterized MESH model (Equation 9). Table 1 shows that the estimated bias of S and h 2 estimates is low in absolute terms, but can be proportionally large when the true heritability is small. Estimates of S are slightly negatively biased when h 2 is low and positively biased when h 2 is high, whereas the estimated bias of h 2 is greater in magnitude and usually of the opposite sign. Estimates of S also have a lower root mean squared error than h 2 estimates. The root mean squared error of h 2 estimates generally improves as the parametric value of h 2 increases with the smallest root mean squared error occurring for intermediate S.
For every parametric combination of S and h 2 except with h 2 ¼ 0 or the combination S ¼ 0.9 and h 2 ¼ 0.2, MESH estimates of S were less biased and had lower root mean squared error than estimates from a maximum-likelihood estimation method based on the likelihood equation from David et al. (2007) (see Table 1 ). Abbreviations: MESH, multilocus estimation of selfing and its heritability; RMSE, root mean squared error. Statistics are based on 1000 replicates of simulated bi-allelic data with specified S and h 2 , 1000 individuals, 10 loci and 500 generations. Tables 2 and 3 demonstrate the effect of increasing number of loci and number of individuals in a sample on the bias and root mean squared error of S and h 2 estimates. The root mean squared error of S and h 2 decreases as the multiple of number of loci and number of individuals (n l Â N) increases; however, increasing the number of individuals generally improves the estimates (reduces the root mean squared error) more than increasing the number of loci for the same total genotyping effort (n l Â N). The estimated bias of S and h 2 estimates also decreases as the number of individuals in a sample increase. Although increasing the number of loci generally reduces the bias of S estimates, its effect on the bias of h 2 estimates is not clear.
Estimates of S and h 2 from the fully parameterized MESH model are provided for selected parametric combinations of S and h 2 in the presence of scoring error (see Table 4 ). The computing time required to obtain estimates for all parameters is substantially longer while the estimates of S and h 2 are generally less well behaved-having larger root mean squared error and bias-than estimates from the MESH method with a single parameter for scoring error. MESH (fully parameterized and single scoring error parameter methods) was also tested using allozyme data for Physa acuta (from David et al., 2007) . These results are available in the Supplementary information.
DISCUSSION
We have presented a new method to estimate selfing rate (S) and heritability of selfing rate (h 2 ) in mixed mating populations using genotype frequency data from a single generation. We have demonstrated that the correlation in selfing rate between generations can bias estimates of the population's selfing rate. By accounting for the probability that parents of selfers also reproduced by selfing (r), we can correct this bias and also estimate the heritability of selfing rate.
Our method follows from the idea that in a mixed mating population a lineage's change in heterozygosity may depend on its history of selfing. Correlation of homozygosity among loci is an evidence of a correlation in selfing rate between generations. We have shown that selfing rate estimates based on the conventional population structure method likely overestimate the true selfing rate of the population by as much as a factor of two. This suggests that some previous estimates of selfing rate that used the population structure method will need to be updated to correct for this bias.
We have devised a method of estimating selfing rate and heritability of selfing rate based upon a maximum-likelihood approach that uses data from multilocus genotypes of sampled individuals. Similar to other methods based on a population structure approach, the MESH method assumes that the mixed mating population is at inbreeding equilibrium. Therefore, even though we suggest that there may exist a Abbreviations: MESH, multilocus estimation of selfing and its heritability; RMSE, root mean squared error. Statistics are based on 100 replicates of sampled bi-allelic data with n l loci and N number of individuals from which the original data set was simulated with S ¼ 0.1, h 2 ¼ 0.5, 1000 individuals, 100 loci and 500 generations. A vector E ¼ (0, 0.01, 0.05, 0.1, 0.01, 0.05, 0.1, 0, 0.1, 0.05) per 10 loci was used to set variable scoring error among loci after sampling. An asterisk indicates that the estimated bias is significantly different from 0 (based on bootstrap 95% confidence intervals). possible intergenerational correlation in selfing rate, the population selfing rate is assumed to not to change over generations. The MESH method is robust to scoring errors and shows improved results when compared with other estimates of selfing rate. The methodology of MESH differs from robust multilocus estimation of selfing rate (see David et al., 2007) in several ways. Most importantly, MESH estimates selfing rate as well as its heritability by accounting for the intergenerational correlation in selfing rate within lineages. We found that estimates of selfing rate from MESH were generally more accurate and precise than estimates from a maximum-likelihood estimation method based on the likelihood equation from David et al. (2007) . In particular, as the parametric value of h 2 increased, there was a steady increase in bias and root mean squared error of S estimates from a maximum-likelihood estimation method based on the likelihood equation from David et al. (2007) . This suggests that estimates of S from this method are biased by the intergenerational correlation in selfing rate as predicted in Figure 1 . It is not surprising then that when the parametric value of h 2 ¼ 0, estimates of S from a maximum-likelihood estimation method based on the likelihood equation from David et al. (2007) were less biased and had a lower mean root squared error than MESH estimates of S. This is because the likelihood equation from David et al. (2007) implicitly assumes that heritability of selfing rate is 0, whereas MESH estimates of S are subject to error in estimating h 2 . However, it is not reasonable to assume without evidence that the heritability of selfing rate is 0 in natural populations. In general, estimates of S from MESH were usually better than estimates from the maximum-likelihood estimation method from David et al. (2007) .
The fully parameterized MESH method did not perform as well as the MESH method with a single scoring error parameter. The reason for this is in part due to the fact that there is likely not sufficient information in the simulated data to estimate individual scoring errors, and as a result uncertainty in estimates of scoring error for each locus will affect the accuracy and precision of estimates of S and h 2 . Therefore, we recommend using MESH with a single parameter scoring error when there is an a priori expectation that scoring error occurs at a low rate; however, this method should not be used when there is extreme heterogeneity in scoring error among loci, in which case the fully parameterized method may be better suited. We also recommend that any locus that is known to have a high error rate should not be included in a MESH analysis.
Our simulations predict the kinds of sample sizes that may be required for reasonable precision and accuracy of estimates. Increasing the number of individuals in a sample set and increasing the number of loci of sampled individuals reduced the root mean squared error among estimates of S and h 2 . However, increasing the number of individuals reduces root mean squared error more than increasing the number of loci for the same multiple of individuals and loci. This suggests that information on the selfing history of each genotyped individual is maximized quickly for increasing number of loci (there is little difference in estimates from 20 to 30 to 100 loci), while more individuals provide added information about the population parameters S and h 2 . Increasing the number of individuals reduces the estimated bias of the parameters, whereas increasing the number of loci did not have a clear effect. For a researcher, these findings demonstrate the need for a sample that includes as many individuals as possible and a large number of loci. The MESH method requires larger sample sizes than other methods that only estimate selfing, because heritability, being a second-order parameter, requires more information for a reliable estimate. Researchers who wish to use this method are advised to collect sample sizes based on the information in Tables 2 and 3 , depending on the desired precision.
In addition to the challenges of getting a large enough sample size, this method of estimating the heritability of selfing rate has other constraints. We have assumed that loci segregate independently and that there is no mutation, requiring that the marker loci be chosen such that they show no strong linkage disequilibrium. In addition, the method does not consider the effect of bi-parental inbreeding on probabilities of identity. This is an important factor since bi-parental inbreeding also increases homozygosity of loci, which may cause overestimation of selfing rate in predominantly outcrossing populations (David et al., 2007) . Furthermore, the estimate of heritability is based on the correlation in nature between parents and offspring, and this correlation can be affected by genetic similarities, shared environments and maternal effects. Thus the estimates we derive should be viewed as an upper-bound for the heritability, because environmental associations between parents and offspring are likely to be present in a natural setting. In addition, to arrive at an estimate of heritability we have reasoned that an intergenerational correlation in selfing rate will result from those individuals in a selfing lineage being at least as likely to self than predicted by the average selfing rate of the population. However, we have not considered the situation in which those individuals arising from a selfing lineage may be more prone to outcross than predicted by the average selfing rate, perhaps as a mechanism to avoid further inbreeding depression. Such an idea should be further explored before we can conceive how this might affect selfing rate estimates. More research is therefore needed before we will know how improving methods of estimation may affect the distribution of selfing rates reported in Schemske and Lande (1985) and Goodwillie et al. (2005) .
The results indicate that the MESH method provides precise and accurate estimates of selfing rate, whereas estimates of heritability of selfing rate are more qualitative. These findings suggest that by using this method a researcher can be confident that they will obtain a quantitative estimate of the population's true selfing rate that accounts for the intergenerational correlation in selfing rate. Estimates of heritability of selfing rate, while not as precise, may be used as a qualitative descriptor, providing the researcher with a method of distinguishing low, intermediate and high heritability.
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